everal cross-sectional studies have found associations between blunted circadian variation in blood pressure (BP) and cardiovascular complications. 1, 2 In particular, hypertensive patients without a nighttime BP fall (nondippers) have a higher rate of cardiovascular events than those who have a fall in BP during the night (dippers). 3 In addition, nondippers also suffer from serious end-organ damage 4 and increased left ventricular (LV) mass, which is an independent risk factor for life-threatening ventricular dysrhythmias and sudden cardiac death. 5 On surface electrocardiograms (ECG), the variability in the QT interval duration between different leads of the 12-lead ECG (ie, QT dispersion) is currently considered a marker for ventricular repolarization; lengthening of the corrected QT dispersion (QTc) has been associated with an increased risk for either ventricular arrhythmias or sudden cardiac death. 6, 7 Furthermore, a prolonged QTc interval has been associated with congestive heart failure, 8 ischemic heart disease 9 and LV hypertrophy (LVH) in hypertensive patients. 10 In addition, there is a marked diurnal variation in the onset of cardiovascular events, with a peak known to occur in the morning. 11, 12 Raffaele et al reported that morning increases of QTc dispersion and the QTc interval are associated with a morning BP peak and sympathetic overactivity. 13 Therefore, it has been hypothesized that the risk of ventricular arrhythmias is much higher in patients who are both nondippers and have a high morning BP surge (MBPS) because of a longer QTc dispersion. The goal of this study was to test this hypothesis by evaluating the association of circadian BP variation with QT dispersion and LV mass. In addition, we assessed the correlation between the MBPS and QTc dispersion.
Methods
From the hospital's outpatient clinics we enrolled 88 subjects diagnosed with essential hypertension, none of whom had ever been treated with antihypertensive medication. All patients had a clinic systolic BP (SBP) >140 mmHg and/or clinic diastolic BP (DBP) >90 mmHg on at least 3 visits at 1-week intervals. In addition, they fulfilled all of the following inclusion criteria: no medications that would potentially influence QT duration and no history of ischemic heart disease, congestive heart failure, atrial fibrillation, bundle BP (AMBP) monitoring with a noninvasive recorder (model 485, Flashcorder, DEL MAR Avionics, USA). BP and heart rate (HR) were monitored every 20-min in the daytime and every 30-min in the nighttime throughout a 24-h period. The patients were instructed to follow their normal daily activities and to record these activities in a diary. We excluded patients with less than 80% valid readings either awake or asleep (n=7). For calculating the individual mean values of BP and HR, for the 24-h period, daytime was considered to be from 06.00-22.00 h, and nighttime from 22.00-06.00 h. Patients who reported in our pre 24-h AMBP questionnaire that their sleep cycle was inadequate for our study were also excluded from this study (n=5). The nocturnal BP reduction rate was calculated according to the following formula: Nocturnal reduction rate = [(daytime active mean -nighttime rest mean)/Daytime active mean]× 100.
The patients were grouped according to the presence (dippers) or absence (nondippers) of a nocturnal reduction in both SBP and DBP by an average of more than 10% of the daytime values. 4 Our final study group comprised 45 dippers and 37 nondippers. We conducted the analysis by further segmenting the changes in BP noted throughout the day using the classification methods suggested by Kario et al: evening BP, lowest BP, prewake BP, and morning BP. 14 The subjects' BPs were used to determine the sleep-trough morning surge and the prewaking morning surge. Standard deviations based on all SBP and DBP values were used to describe BP variability.
The standard 12-lead ECG was recorded for each subject at a paper speed of 25 mm/s and a voltage of 10 mV/cm. Two physicians independently measured the QT intervals in all 12 leads with a precision of 20 ms, and the average QT interval was then calculated. The beginning of the QT interval was taken as the earliest onset of the QRS complex and the end of the QT interval as the last point of the T wave. When a U wave was present, the QT was measured to the nadir of the curve between the T and U waves. The QT interval was corrected for HR using Bazett's formula (QTc = QT/RR1/2) 15 and Fridericia's formula (QTc = QT/ RR1/3). 16 QTc dispersions were determined to be the difference between the maximal and minimal QT intervals in different leads. M-mode echocardiography was guided by 2-dimensional (D) echocardiography. The echocardiograms were obtained using an Agilent sonos 5500 (Hewlett Packard, USA) with a 2.5 MHz transducer and recorded at a paper speed of 100 mm/s. The 2-D images, taken from longitudinal or transverse parasternal views, were used to ensure that all measurements were obtained at the same level. The measurements were performed according to the recommendations of the American Society of Echocardiography 17 and included evaluation of the end-diastolic interventricular septal thickness, LV interval diameter (LVDd) and posterior wall thickness (PWTd). The formula of Devereux and Reichek (ie, LV mass index (LVMI) = (1.04 × (LVDd + 3PWTd + LVDd) 3 -LVDd 3 ] -13.6)/body surface area) was used to calculate the LVMI; the relative wall thickness in diastole was estimated according to the following formula: RWTd = 2PWTd/LVDd. In addition, the body mass index was calculated as kg/m 2 . High-sensitivity C-reactive protein levels were evaluated by immunonephelometry using the BNII system (Dade Behring Co, Marburg, Germany). The homocysteine levels were measured by fluorescence polarization immunoassay using the AxSYM system (Abbott Co, IL, USA).
Statistical Analysis
The results are presented as means ± SEM. Statistical analysis was performed with SPSS software (Chicago, IL, USA). The between-groups comparisons were performed using Student's t-test. The Pearson correlation was used to demonstrate correlations from the linear regression analysis, and a partial correlation was calculated after adjusting for gender and age. P-values <0.05 were considered statistically significant.
Results
The clinical characteristics of the subjects are shown in Table 1 . There were no statistically significant differences between the dipper and nondipper groups; however, the proportion of women was relatively higher in the dipper group compared with the nondipper group. The results of the 24-h BP monitoring are shown in Table 2 . For all measurements, excepting the daytime SBP and DBP, and the morning DBP, there were significant differences between the 2 groups.
The results of electro-and echocardiography for both groups are shown in Table 3 . There was no significant difference between the 2 groups for the maximal and minimal QTc values. However, QTc dispersion was significantly increased in the nondipper group (by both Bazett's and Fridericia's formulae) ( Table 4 ). The results of echocardiography showed that the IVSd, PWT, LVMI and RWT were significantly increased in the nondipper group compared with the dipper group.
When we evaluated the correlation between QTc dispersion and the many variables measured during AMBP moni-
Dipper [Bazett's (Fridericia's)]
Nondipper [Bazett' toring and echocardiography, we found that the night SBP and DBP, and the nocturnal reduction rates in these values, were statistically correlated with QTc dispersion. Moreover, a significant correlation was noted between the echocardiography variables studied and QTc dispersion. However, there was no correlation with the other BP measurements. In addition, there was no significant correlation between the MBPS and QTc dispersion ( Table 5 ). These results were unaltered by adjustments for gender and age. We subdivided the patients according to whether they had both a nondipper BP and a high MBPS (>35 mmHg based on the criterion of the 75 th percentile), and compared these patients with the others. However, there was no significant difference in the 2 subpopulations (data not shown).
Discussion
In the present study nondipper hypertensive patients had a significantly longer QTc dispersion, and a greater LVMI and wall thickness than dipper subjects. The nocturnal rate of reduction in BP had a significant negative correlation with QTc dispersion. Similar observations of an increased QTc dispersion, for nondippers, have been previously described. [18] [19] [20] Kohno et al found that the maximum QTc and QTc dispersion increased more in nondippers than in dipper-type hypertensive patients, and the nocturnal reduction of BP significantly correlated with QTc dispersion and the LVMI. 19 Gryglewska et al 20 described the QTc dispersion and 24-h AMBP in elderly hypertensive individuals. They reported that QTc dispersion was greater in subjects with a higher night BP, although this was not found to be statistically significant.
Our results also showed a significant correlation between QTc dispersion and LVMI. The presence of a 24-h ventricular overload, related to the nondipper circadian BP pattern, is the basis for the more severe LVH noted in nondippers compared with dippers. 4 Vedecchia et al reported that LVH is more severe in nondipper hypertensive patients than in dippers. 21 Patients with hypertension and LVH have supraventricular and ventricular dysrhythmias more frequently then those without hypertrophy. 22 Moreover, frequent or complex ventricular ectopy is more frequently present in hypertensive patients with LVH when it was associated with repolarization changes on the ECG. In our study, the 24-h mean BP was significantly different between the dipper and nondipper subjects. Vedecchia et al reported that the 24-h mean BP was higher in nondippers compared with dipper patients. 20 The main reason for this difference is the difference in the nighttime BP in the dipper subjects. Our study results showed a significant correlation between QTc dispersion and nighttime BP. Claudio et al 23 reported that the QTc was significantly longer in nondipper patients, particularly at nighttime. They also reported that LVMI was significantly correlated with the nighttime QTc, consistent with the present findings.
In addition, we evaluated the relationship between the MBPS and QTc dispersion, but unlike previous reports, we did not find a significant linear association between them. We subclassified the patients according to their sleeptrough MBPS or prewaking MBPS, but there was still no statistically significant correlation between the MBPS and QTc. One possible explanation for the differences in results is that the research conducted by Kario et al 14 did not examine the correlation between QTc dispersion and the MBPS. They examined correlations of predictors of cerebrovascular disease, such as target organ damage, their methods differed from previously described analytical methods and their study subjects were more advanced in age. We assessed correlations with QTc dispersion using analytical methods specifically for evaluating the MBPS; however, there was still no significant correlation. Raffaele et al reported a correlation between the morning BP peak and QTc dispersion, using a different method of classifying the morning BP peak. 13 Our results showed that the rate of BP elevation, at the time of waking in the morning, was lower than previously reported and a possible explanation for this difference is that our study included only those patients who were recently diagnosed with high BP. Therefore, if our study had included a wider range of patients with high BP and a larger number of patients our results may have been similar to those from prior studies. Moreover, these factors may have allowed us to show a greater QTc dispersion in nondipper patients with a high MBPS. In addition, we could not equally match the genders of subjects in the dipper and nondipper hypertensive groups. Therefore, the proportion of women was greater in the dipper group, which also may have affected the results.
In conclusion, QTc dispersion, LVMI and wall thickness in nondipper hypertensive patients were significantly greater and these differences correlated with diurnal changes in BP. Therefore, the nighttime BP level may exert a profound influence on QTc dispersion. Accordingly, the risk for ventricular arrhythmias is higher in nondipper hypertensive patients and clinicians need to adjust their management accordingly with aggressive diagnosis and treatment. However, our study results failed to show a significant correlation between the MBPS and QTc dispersion. Further study is needed to confirm this correlation.
